Background: There is growing evidence suggesting that both genetic and environmental factors modulate treatment outcome in, a highly heterogeneous, major depressive disorder (MDD). 5-HTTLPR variant of the serotonin transporter gene (SLC6A4) and MTHFR 677C>T polymorphisms have been linked to the pathogenesis of MDD, and antidepressant treatment response. The evidence is lacking on the clinical utility of yoga in patients with MDD who have 5-HTTLPR and MTHFR 677C>T polymorphisms and less likely to respond to medications (SSRIs). Aims: We aimed to examine the impact of YBLI in those who have susceptible 5-HTTLPR and MTHFR 677C>T polymorphisms and are less likely to drug therapy with SSRIs. Settings and Design: In a 12 week randomized active-controlled trial, MDD patients (n = 178) were randomized to receive YBLI or drug therapy. Methods: Genotyping was conducted using PCR-based methods. The clinical remission was defined as BDI-II score ≤ 9. Statistical Analysis Used: An intent-to-treat analysis was performed, and the association of genotype with treatment remission consisted of the logistic regression model. A P value of <0.05 was considered statistically significant. Results: Multivariate logistic regression models for remission including either 5-HTTLPR or MTHFR 677C>T genotypes showed statistically significant odds of remission in YOGA arm vs. DRUG arm. Neither 5-HTTLPR nor MTHFR 677C>T genotype showed any influence on remission to YBLI (P = 0.73 and P = 0.64, respectively). Further analysis showed childhood adversity interact with 5-HTTLPR and MTHFR 677C>T polymorphisms to decrease treatment response in DRUG treatment arm, but not in YOGA arm. Conclusions: YBLI provides MDD remission in those who have susceptible 5-HTTLPR and MTHFR 677C>T polymorphisms and are resistant to SSRIs treatment. YBLI may be therapeutic for MDD independent of heterogeneity in its etiopathogenesis.
INTRODUCTION
Major depressive disorder (MDD), a chronic and devastating neuropsychiatric condition, is currently the leading cause of global burden of disease. [1] At any given time, over 4% of the global population suffers from MDD, with females being 1.7 times more likely than males to experience an MDD episode. The characteristic presentation of MDD is that of persistent sadness and loss of interest in almost all activities. MDD has ~37% heritability, and both hypothesis-driven and hypothesis-free molecular studies have suggested an association of several genes with MDD. It is complicated by accelerated biological aging [2] and increased mortality from chronic lifestyle diseases. [3, 4] The cure for MDD is still elusive since the etiopathology of MDD is incompletely understood. [5] Current first-line treatment of MDD includes either, pharmacotherapy based on monoamine hypothesis, or psychotherapy. The vast spectrum of available treatments used alone or in combination, fail to provide recovery from MDD in ~50% of patients and are associated with suboptimal remissions, frequent relapses, and complications. [5, 6] Beyond monoamine hypothesis, neuroplasticity-based theories are increasingly being explored in emerging interventions for MDD. [7, 8] In addition, accelerated biological aging is suggested to be the fundamental process in the pathobiology of MDD, [2] and a potential target for interventions in MDD. Accelerated aging is associated with dysregulated serotonin biology. [9] [10] [11] In this context, it is important to note that serotonin biology may have an important role in optimizing neuroplasticity, [12] and the latter is linked to optimized cellular health. Yoga is used for the management of MDD as shown by the limited but consistent studies. [13] The previous research has confirmed that yoga, an active mind-body intervention (MBI), improve neuroplasticity in both healthy and MDD [14] [15] [16] [17] by correcting the accelerated biological aging in cells and organ systems throughout the body. [16, [18] [19] [20] The effects of yoga are far beyond on anyone biological process. [21] Such modifications at the whole body level may ameliorate the fundamental pathological processes associated with MDD and provide an in-depth understanding of the pathobiology of this complex disorder. Previous studies have suggested that yoga may optimize serotonin biology [22] [23] [24] in novice practitioners. In this context, yoga-induced improvements in cellular health and neuroplasticity in MDD may be accompanied by optimization of serotonin biology.
Polymorphisms of the genes related to serotonin biology are the most widely studied biomarkers in MDD. [7] Increasing serotonin levels in the synapses by blocking SERT, encoded by the SLC6A4 gene, is the basis for the current first-line pharmacotherapy using selective serotonin reuptake inhibitors (SSRI's). Previous studies have highlighted, a priori, two candidate genetic markers: 5-HTTLPR in SLC6A4 and MTHFR 677C>T, which significantly impact serotonin biology and linked to MDD pathogenesis and treatment response in MDD. [25, 26] It is interesting and clinically relevant to make further analysis and clarify if they have an impact on yoga-based interventions that are based on (neuroplasticity and cellular health based) theories beyond monoamine hypothesis. [7] The 5-HTTLPR (serotonin transporter-linked polymorphic region) polymorphism primarily has either a long or short repeat length variations in the promoter region of the serotonin transporter gene (SLC6A4). Serotonin transporter protein recycles serotonin after its release, thereby determining the magnitude and duration of serotonergic responses. [27] This widely studied polymorphism is linked to both psychiatric and somatic disorders, including depression. [28] [29] [30] [31] In particular, S allele is associated with increased risk [32] and LL genotype is associated with protection against MDD, [33] although some studies report contradictory findings. [34, 35] Patients with S allele exhibit lower remission rates, increased side effects, and intolerance to drug therapy. [35] [36] [37] [38] Serotonin can modify neuroplasticity both during development [39] and adult life, and alterations in serotonin homeostasis can modify the fine wiring of brain connections and cause behavior changes. 5-HTTLPR genotypes may affect neuroplasticity. [40] Epigenetic modifications including methylation of 5-HTTLPR mediate the differential effects of the genotypes like gray matter volumes in the brain of MDD patients. [41] Methylenetetrahydrofolate reductase (MTHFR), is an enzyme involved in catalyzing the reduction of 5,10-methylenetetrahydrofolate to 5-MTHF, primarily in the metabolism of folic acid. This reaction provides a methyl donor for methylation reactions. These pathways are critical to the synthesis of monoamines including serotonin, and methylation of genes including SLC6A4. [42] A study analyzing the impact of mother's depressed mood on infants provides further evidence that MTHFR 677C>T genotypes may affect SLC6A4 methylations. [43] Low-activity MTHFR 677C>T allele is shown to be associated with MDD, [44, 45] but few studies refute this correlation. [46, 47] MTHFR 677C>T may affect neuroplasticity and cellular health through epigenetic modifications of regulatory genes.
The evidence is lacking on the clinical utility of yoga in patients with MDD who have 5-HTTLPR and MTHFR 677C>T polymorphisms and less likely to respond to medications (SSRIs). Therefore, we aimed to analyze the impact of yoga-based lifestyle intervention (YBLI) in these MDD patients, and with a focus beyond monoamine theories, we hypothesized in this trial that YBLI, an active MBI, would be therapeutic in MDD in those who have 5-HTTLPR and MTHFR 677C>T polymorphisms and are poor responders to SSRIs.
METHODS

Design
This article reports the therapy genetic findings from a short-term randomized active-controlled trial. The 12-week trial was performed at a national apex health institute of India. MDD patients who attended outpatient clinics of the Psychiatry Department of institute hospital were referred to participate in the study. Participants were assigned to receive either YBLI (YOGA arm) or routine drug therapy with SSRIs (DRUG arm) for 12 weeks. The trial was prospectively registered on the Clinical Trials Registry of India (CTRI REF/2014/09/007532). It was approved by the Institutional Review Board, and all participants provided written informed consent before any study procedures.
Participants
Participants were adults aged 20-60 years with MDD according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). The exclusion criteria included participants having (a) very severe depression (Beck Depression Inventory-II [BDI-II] scale score ≥50); (b) other comorbid neuropsychiatric conditions (except for anxious distress that is commonly present with MDD); and (c) unstable chronic medical conditions. For females, additional exclusion criterion was pregnancy or breastfeeding.
Sample size
For the outcome of MDD remission, assuming a 30% remission rate to drug treatment and a 30% therapeutic gain over drug treatment to be clinically significant, the number per group required was 64, to achieve approximately 80% power at a 2-sided α level of 0.05. We assumed a 25% dropout rate in each arm. The planned recruitment was for 80 per arm (160 total).
For a prior calculation of the study power to detect differences in remission between genotypes, we assumed 75 participants in each arm. Assuming common homozygous genotypes LL to be 35% and CC to be 45%, the required sample sizes were: 26 (LL) and 49 (LS/SS) for 5-HTT LPR, and 34 (CC) and 41 (CT/TT) for MTHFR 677C>T. Assuming a two-sided alpha level of 0.05, the power to detect difference of 60% versus 20% in remission for 5-HTTLPR (n = 26 vs. 49) was 83%, and the power to detect differences of 70% versus 25% in remission for MTHFR 677C>T (n = 34 vs. 41) was ~87%.
Randomization and blinding
To minimize referral bias, referring physicians were blind to both inclusion and randomization of the participants. Dynamic allocation randomization was used for randomization and blinding. The distribution across balancing factors for previous assignments was the basis for treatment assignment. A research assistant not otherwise involved in the study created the randomization allocation schedule. Smallest group with specific combinations of balancing factors received treatment assignment, with age, sex, body mass index, suicidal ideation, and childhood adversity as balancing factors. The concealed allocation was assured by use of a computer system. Participants were not blind to allocation. Single rater recorded the clinical parameters, who remained blind to the allocated group of each participant until after the data analysis was completed. Participants were instructed not to mention participation in YBLI.
Interventions
Eligible participants were allocated to one of the two groups: YOGA group, practicing YBLI 5 days a week, or DRUG group, receiving routine drug therapy with suitable SSRI.
Yoga-based lifestyle intervention
YBLI is an active MBI administered as per the pretested design. [16] YBLI is designed to be an integrative health strategy incorporating the classic components of Yoga including Āsana (physical postures), Prāṇāyāma (breathing exercises), and Dhyāna (Meditation) which are derived from a mix of Hatha Yoga and Raja Yoga. YBLI program included 2 h sessions 5 days per week for 12 weeks. For the first 2 weeks, the sessions were held at the Institute hospital, and taught by registered, specialized yoga instructors. For the first 2 weeks, YBLI included supervised group sessions (having 12-15 participants). Sessions in the first 2 weeks of YBLI included interactive lectures on yoga, lifestyle, lifestyle diseases including MDD, and the importance of their prevention and management. Remaining 10 weeks were home based and included one-one and unsupervised sessions with duration and frequency similar to the first 2 weeks. Monitoring of adherence to YBLI was through maintenance of a dairy and telephonic contact. Patients in the yoga group were asked to visit institute hospital every 2 weeks for follow-up and counseling. The details of the activities in a day during YBLI program are given in Table 1 . The Hawthorne effect was insignificant because of YBLI's emphasis on environmental enrichment and self-awareness. Participants in the yoga group were asked to stop previous antidepressant medications if any, and they did not receive SSRIs or other antidepressant medications during trial. Any other medication for minor ailments was allowed after consultation with the investigators.
Drug therapy
Drug therapy for the control group was provided at the psychiatry OPD of the institute. SSRIs were used as per the prescription of treating psychiatrists, who were not necessarily part of the research team. Escitalopram (5-20 mg/day), fluoxetine (20-40 mg/day), and paroxetine (20-40 mg/day) were used in 36, 24, and 29, patients, respectively. Adjunctive medications were prescribed for sleep (diphenhydramine, 25-50 mg; or zolpidem, 5-10 mg), and for anxiety (clonazepam, 0.25 mg twice daily; or lorazepam, 0.5 mg 3 times/day). Since the study did not include MDD patients with significant psychotic features, no antipsychotics were prescribed. For those subjects who were previously on antidepressant medications, they were asked to stop them. Only the drug group received SSRI antidepressant medications as per our study protocol. Antidepressant medications other than the SSRIs were not continued in the drug group. Patients in the drug group were also asked to visit institute hospital every 2 weeks for follow-up and counseling. The visits to hospital were of similar frequency (every two weeks) for both groups so that the influence of the confounding factor of number of visits by the patients is minimized.
Outcome measures
The a priori primary endpoint of the trial was MDD remission defined as BDI-II score ≤9 at 12 weeks. [48] [49] [50] The remission as defined by BDI-II scale is considered a clinically useful criterion and is widely accepted in MDD trials as the primary outcome. [48] [49] [50] BDI-II is chosen for assessment of depression since its stated purpose is not to diagnose major depressive episode, but as an appropriate instrument for detecting depressive symptoms and monitoring treatment efficacy. [51] BDI-II is specifically designed to address DSM-5 criteria for depression, and in both BDI-II and DSM-5, patients are asked to answer the questions based on happenings in the last 2 weeks. It has reliable comparability with observer-rated scales, such as the Hamilton Rating Scale for Depression (HAM-D) or the Montgomery-Åsberg Depression Rating Scale. [51] In the healthcare context, the perceived burden of scale completion by the clinician is the major obstacle to using standardized scales, such as the HAM-D, which is unlikely to meet with success. As a self-report questionnaire to measure depression, the BDI-II holds the advantages of releasing the overburdened clinician from the paperwork of scale administration and of improving the efficiency of the clinical encounter by providing mental status assessment that correlates well with clinician-rated tools. [51] In a recent study by Zhao et al. [52] that compared five depression measures in depressed adult patients using item response theory (IRT), BDI-II was found informative on a wider range of depression levels and had greater measurement precision than the other three measures, the Patient Health Questionnaire (PHQ-9), the depression subscale of the Depression, Anxiety and Stress Scale (DASS-Depression), and the depression subscale of the Hospital Anxiety and Depression Scale (HADS-Depression). The benefits that can be reaped from using the BDI-II come from its ease of administration and understandable questions that allow the user to maneuver through the 21 items of the questionnaire. It was evaluated at baseline and the end of 12-week therapy.
There is always a concern of the response bias among participants while rating with self-report measure BDI-II, especially in this study having a nonblinded design and a lifestyle-based treatment. Underreporting of symptoms by individuals may be common in epidemiological study settings, and one previous study has reported significantly more core depressive symptoms in the covert condition, suggesting that surveys of community samples may underestimate the prevalence of depression. [53] However, BDI-II rating by participants in this study is in the hospital settings in the psychiatry OPD, and response bias among participants may be less compared to epidemiological settings. Treating psychiatrists, who were not necessarily part of the research team, were involved in asking the patients to rate BDI-II. Persons involved in yoga training were not involved in asking the participants to rate the BDI-II to minimize response bias among participants.
This article reports the therapy genetic findings of the trial, and the secondary endpoint was to analyze 5-HTTLPR and MTHFR 677C>T polymorphisms in MDD treatment with either YBLI or routine drug therapy and analyze the clinical utility of yoga in those who have susceptible polymorphisms and are poor responders to medications (SSRIs).
Study procedure
The study participants were all asked to undergo clinical evaluation and provide a blood sample at baseline. DNA was extracted from blood samples, and genotyping was completed at baseline. During the 12-week intervention period, participants were asked to follow the procedures designed for their group. Evaluation of clinical parameters was repeated after completion of the intervention at 12 weeks.
Assessment of clinical parameters Depressive symptoms
The BDI-II [54] is a 21-item, self-report inventory of the severity of current depressive symptoms. The BDI-II was used to assess the severity of depressive symptoms at baseline and at postintervention. Higher total scores reflect greater subjectively perceived depressive symptomatology. Suicidal ideation was assessed using BDI-II suicide item (item 9). A recent study by Green et al. [55] has recommended the use of the BDI-II suicide item as a brief, efficient screen for suicide risk in routine clinical care. It gives a score from 0 to 3, and scores 1-3 indicated the presence of suicidal ideation.
Comorbid psychiatric conditions MDD participants were interviewed using the Mini Neuropsychiatric Interview, version 7.0 for DSM 5 (MINI 7.0) (Harm Research Institute, Tampa, Florida, USA) [56, 57] to assess comorbid psychiatric conditions. MINI 7.0 is a short, structured diagnostic interview with an administration time of approximately 15 min, and it assesses the 17 most common disorders in mental health.
Childhood adversity
We defined childhood adversity as having experienced at least one traumatic event before age 18 including the following: Parental loss, sustained alcohol and/or drug abuse by caregiver, victim of a serious crime, victim of a serious accident, and victim of sexual and/or physical abuse.
Laboratory parameters: Genotyping
DNA was extracted from 5 ml of peripheral blood samples provided by all randomized patients in the trial (n = 178) and were diluted to a standard concentration of 50 ng/uL. There were a total of 178 DNA samples collected and received; 24 samples had an insufficient quantity and quality. The samples were processed, and the genotyping was conducted using polymerase chain reaction (PCR)-based genotyping. The genotyping personnel was blinded to treatment allocation and performed automated data entry. Lymphocyte DNA was extracted using a phenol-chloroform method. DNA was quantified using a spectrophotometer (SPECTRAmax PLUS 384, Nanodrop Technologies, USA). All samples were assessed in the same assays, and DNA specimens were randomly plated. Genotyping of the 5-HTTLPR and MTHFR 677C>T polymorphisms was performed using the S1000 Thermal Cycler (Bio-Rad).
5-HTTLPR
The primers for the 5-HTTLPR polymorphism were: the forward primer-5'-GTT TCT TGA GGG ACT GAG CTG GAC AAC CAC-3', and the reverse primer-5'-GGC GTT GCC GCT CTG AAT GC-3'. PCR was performed in a 20 μL reaction containing 2 μL of the genomic DNA (100 ng), 2 μL dNTP (2.5 mM), 2 μL Taq buffer, 0.4 μL of the Taq polymerase, 2 μL of the primer mix, and 11.6 μL H2O. The PCR products were amplified for 10 min denaturation at 95°C, 45 cycles of 30 esc at 95°C, 45 s annealing at 65°C, and 1 min extension at 72°C, followed by a final extension of 5 min at 72°C. The PCR products were resolved on a 2% agarose gel prepared with ethidium bromide. Two allele variants of the gene polymorphism were identified based on the PCR fragment sizes: (short S; 486 bp and long L; 529 bp).
MTHFR 677C>T
The MTHFR 677C>T polymorphism is the critical variant that determines the enzyme activity level. For MTHFR 677C>T polymorphism,
The forward primer used was 5'-AGGCTGTGCTGTGCTGTTG-3';
The reverse primer used was MTHFR 677 C > T PCR amplified amplicon of 477 bp was subjected to Hinf1 digestion and resolved in 3.5% agarose gel. The C allele is cut by the enzyme and gives 425 bp and 52 bp products, whereas the T allele yields 260 bp, 165 bp, and 52 bp products.
Compliance
Study compliance including adherence to study treatments was ensured by monitoring completion of questionnaires, diaries, and pharmacy logs.
Statistical analysis
An intent-to-treat analysis included all randomized participants (89 drugs, 89 yoga). Association of genotype with treatment remission (BDI-II score ≤9 at the end of 12-week intervention) consisted of logistic regression adjusting for baseline characteristics. Assessment of genotype associated differential treatment effects was by including treatment by genotype interaction terms in the logistic regression model. Initial analyses of genotype and allele frequency were done in SHEsisPlus software. Remaining analyses were carried out using the SPSS Statistics v22.0 (Armonk, IBM Corp, NY, USA). The data points were identified as outliers if they do not fall within three standard deviation (SD) of the mean. If they have large effects on the estimates, they were dealt by transforming the observations. Outliers in the data were dealt by eliminating the observations if they are genuine outliers. P < 0.05 was considered statistically significant.
RESULTS
Participant characteristics
A total of 178 MDD patients (89 YOGA, and 89 DRUG) were randomized. Figure 1 shows the trial profile as per CONSORT guidelines. Table 2 shows the baseline characteristics of the participants in each group. The two groups showed no significant differences. Of the 178 participants, 144 (81%) participants completed the 12-week treatment trial. Among those completing treatment in the YOGA group, the median yoga sessions practiced was 54 (range 43-73) of 60 maximum suggested sessions, and median minutes per session was 110 min (range 93-168) of 120 maximum suggested minutes per session.
Among those completing treatment in the DRUG group, the number of pills taken was similar among subgroups receiving one of the three drugs in the study: Median (range) of 68 (40-84) escitalopram, 71 (42-84) fluoxetine, and 69 paroxetine of 84 maximum.
Genotyping
A total of 154 (87%) and 148 (83%) participants completed 5-HTTLPR and MTHFR 677C>T genotyping, respectively. The genotype distributions and allele frequencies for both polymorphisms are shown in Table 3 . Both of these distributions were in Hardy-Weinberg equilibrium. The genotype and allele frequencies did not differ statistically between the two treatment arms for both 5-HTTLPR and MTHFR 677C>T [ Figure 2 ].
Treatment efficacy between groups
Mean change in BDI-II (depression severity) scores from baseline at the 12-week endpoint are shown in Table 4 , along with the scores in MDD stratified by severity (mild, moderate, and severe). Within-group changes for all participants were significant for both the groups (both P < 0.001). Within-group changes analyzed for mild, moderate, and severe MDD were also significant for both the groups (all P < 0.05). In the between-group analysis including all participants, YOGA group showed significantly higher "post-intervention change in BDI-II score" than the DRUG group (P < 0.001).
In the between-group analysis based on stratification by severity, while the "post-intervention change in BDI-II score" was significantly higher in YOGA group in comparison to DRUG group in both moderate (P = 0.029) and severe (P < 0.01) MDD, it was not significant for mild MDD (P < 0.072) [ Table 4 ].
The rates for remission were 59% (n = 52) for YOGA group and 33% (n = 29) for DRUG group [ Figure 3a ], indicating a difference (P = 0.01) between the two treatment arms. Remission rates in MDD stratified into mild, moderate, and severe showed, significantly decreased remission in severe MDD compared to mild and moderate in YOGA group, and significantly higher remission in the moderate MDD compared to mild and severe in the DRUG group [ Figure 3b ] (all P < 0.001).
The "mean percent reduction in BDI-II scores from baseline at the 12-week endpoint" of both YOGA and DRUG groups were decreased with increasing baseline symptom severity, and YOGA group showed a significantly higher reduction (P < 0.001) [ Figure 3c ]. No outliers were found beyond the the limits of three standard deviations in both the groups.
However; there was one outlier in DRUG group that worsened with treatment [Figures 3c, 4a, and b] . Analysis excluding the outlier did not have any significant influence on the findings.
The interaction between polymorphisms and treatment response
The "mean percent reduction in BDI-II scores from baseline at the 12-week endpoint" was significantly lower in SS genotype compared to LL genotype in DRUG group only (P = 0.025) [ Figure 4a ], and MTHFR 677C>T showed no significant differences in both groups [ Figure 4b ].
Analysis excluding one outlier in DRUG group that worsened with treatment [Figures 3c, 4a , and b] did not have any significant influence on the findings.
Analysis for the association of 5-HTTLPR and MTHFR 677C>T polymorphisms and treatments for MDD showed no significant differential treatment remission in YOGA group. Neither 5-HTTLPR (P = 0.73) nor MTHFR 677C>T (P = 0.64) genotypes predicted remission to YBLI [ Figure 5a and b]. While, 5-HTTLPR genotype predicted remission to SSRI drug treatment (P = 0.02), MTHFR 677C>T genotype failed to predict remission in drug arm (P = 0.45) [ Figure 5a and b]. Specifically, only the SS/LS genotype groups had a lower likelihood of remission to drug treatment (6% SS vs. 32% LS vs. 56% for LL). The difference in YBLI therapy remission in the LS and SS genotype arms in comparison to LL genotype was not significant (57% SS vs. 69% LS vs. 63% for LL). Similarly, the difference in YBLI therapy remission in the CT and TT genotype arms in comparison to CC genotype was not significant (54% TT vs. 64% CT vs. 68% for CC) [ Figure 5c and d].
Separate analysis for YOGA and DRUG groups were performed to explore specific genotype effects on postintervention depression severity. Reduction in BDI-II score was more significant for the LL versus SS genotype in DRUG group only. In YOGA group, the interaction of both 5-HTTLPR and MTHFR 677C>T polymorphisms with postintervention depression severity were not significant [ Figure 4 ].
Findings of logistic regression models in our study (remission as the dependent variable) showed that 5-HTTLPR and MTHFR 677C>T polymorphisms were not associated with remission after adjusting for treatment, age, gender, basal BDI-II score, Kuppuswamy SES scale scores, age at MDD onset, anxious distress specifier, family history, and BMI [ Figure 6a and b]. The "mean percent reduction in Beck Depression Inventory-II scores from baseline at the 12-week endpoint" in both YOGA and DRUG groups. *Between group difference, P < 0.001; † Severe major depressive disorder versus mild and moderate major depressive disorder in YOGA group, all P < 0.001; ‡ Severe major depressive disorder versus moderate major depressive disorder in DRUG group, P < 0.001; § Mild major depressive disorder versus moderate major depressive disorder in DRUG group, P = 0.029 c b a Interestingly, YOGA group versus DRUG group and childhood adversity present versus childhood adversity absent were significantly associated with remission.
We, therefore, performed additional binary logistic regression analysis with the sample divided into those with or without childhood adversity and belonging to YOGA or DRUG group. There was a significant difference observed between the 5-HTTLPR and MTHFR 677C>T genotypes and remission only in childhood adversity present participants of drug arm (P = 0.02). Remission in childhood adversity present participants in the yoga arm was not significant (P = 0.78). Furthermore, we did not find any significant interaction between 5-HTT LPR and MTHFR 677C>T genotypes and suicidal ideation, SES, BMI, and other baseline variables in predicting remission.
Safety
No serious adverse events were reported in both treatment arms. Minor adverse events were reported by 14 individuals in the DRUG group. Dizziness, gastrointestinal disturbances, and insomnia were the most common side effects.
DISCUSSION
In this study, the widely studied 5-HTTLPR and MTHFR 677C>T polymorphisms showed no significant association on therapy response to 12-week YBLI in MDD. Patients who had susceptible polymorphisms and were poor responders to SSRI treatment showed significant improvement of depressive symptoms with yoga therapy. To the best of our knowledge, this is the first study aiming to investigate the influence of these polymorphisms in response to YBLI in MDD. Our study supports earlier studies for the association of 5-HTTLPR polymorphism with the DRUG group, where SS/LS genotypes, in comparison to LL genotype, showed significantly lower remission rates. Similar to YOGA group, DRUG group also showed no significant association on therapy response with MTHFR 677C>T polymorphism. In addition, a significant interaction of 5-HTTLPR and MTHFR 677C>T polymorphisms and childhood adversity for MDD remission was found in DRUG group only. No specific 5-HTTLPR effects could be observed in males or females. Our findings show that MDD remission and response with YBLI is independent of 5-HTTLPR and MTHFR 677C>T genotypes and that higher response in YOGA group is due to MDD remission even in those who have susceptible gene polymorphisms and are resistant to SSRI treatment. In a recent systematic review, Cramer et al. [58] have investigated the previous RCTs for the efficacy and safety of yoga interventions in treating patients with MDD, where seven RCTs on yoga for participants with MDD were finally selected. [59] [60] [61] [62] [63] [64] [65] [66] Another recent pilot RCT on yoga for participants with MDD not included in the review, [13] included only mild-to-moderate cases (scores of 14-28 on BDI-II scale). Similar to our study, yoga group in two of these previous studies [13, 59] did not receive add-on antidepressant medications and used BDI-II scale to assess depression severity. In contrast to 12-week duration in our study, in both of these studies, yoga was practiced for 8 weeks. In the study by Prathikanti et al., [13] yoga group practiced hatha yoga twice weekly, in contrast to five times per week in our study. Although in the study by Janakiramaiah et al., [59] yoga was practiced six times per week, yoga sessions lasted 45 min and included Sudarshan Kriya Yog (SKY), which has emphasis mainly on Prāṇāyāma. Āsana limb was particularly missing in SKY. Some of the studies mentioned in the review by Cramer et al. [58] have employed physician administered instrument HAM-D [59, 60, 63, 66] for assessing depression severity, and yoga group practiced was either SKY, [59, 60, 66] or hatha yoga as add-on treatment. [63] In some studies, participants were Women only, [62, 64] or participants had MDD specifier like antenatal depression. [65] Our study also provides post-intervention change in these parameters for mild, moderate, and severe MDD. These differences in the components and duration of yoga, the instrument used to assess depression severity, and the severity levels of MDD patients in the studies must be taken into consideration while comparing the response rate of 59% achieving remission in our study with other studies. For example, yoga therapy MDD remission was 67% in the study by Janakiramaiah et al. [59] These differences must also be considered while comparing decrease in mean BDI-II scores of −17.24 or mean percent reduction in BDI-II scores of 56% after MDD treatment with YBLI in our study. For example, decrease in mean BDI-II scores was −9.47 in the study by Prathikanti et al. [13] and −8.92 in the study by Schuver and Lewis. [64] Mean reduction in HDRS-17 (HAM-D 17) score was −9.77 in the study by Sharma et al. [66] YBLI optimizes serotonin homeostasis and increases neuroplasticity by mechanisms not restricted to modifying serotonin transporter function, the principal mechanism of action of SSRI drug therapy. Decreased serotonin transporter function is suggested to be present in those having susceptible 5-HTTLPR polymorphisms and is resistant to SSRI treatment. Unlike, passive interventions such as monoamine drug therapy, ketamine, electroconvulsive therapy (ECT), repetitive transcranial magnetic stimulation (rTMS), and deep brain stimulation (DBS), an active MBI like YBLI may reduce the accelerated biological aging associated with MDD to improve serotonin biology and neuroplasticity, including in those who have susceptible gene polymorphisms and are resistant to SSRI treatment. There is rapid progress in severity of MDD in these patients. Since our findings indicate significant clinical improvement after yoga therapy in moderate to severe MDD, yoga therapy by YBLI may be clinically beneficial in these patients. Plausible mechanisms include: (1) Increasing neuroplasticity independent of SERT function. It has been argued that even in SERT deficient conditions, neurogenesis in hippocampus is unaffected. [67] Previous studies have suggested that neural stem cells have their own abundant regulatory control over serotonin function and no urge for SERT-driven serotonergic fine tuning. [68] In addition, a recent imaging study did not find any significant relationship between the 5-HTTLPR and alterations in white matter in the uncinate fasciculus (UF)-tract that is commonly associated with top-down regulation of mood and cognition. Neural networks including UF-tract are modified in regular practitioners of yoga and meditation. [69] YBLI may provide top-down signals from pre-frontal cortex, and increase neurogenesis and neuroplasticity by activating serotonin self-regulatory systems in the limbic regions. (2) Modifying activity of other neurotransmitters and transporters to optimize serotonin biology. The existence of additional 5-HT reuptake mechanisms on the cell membrane is strongly indicated, since 5-HT can be taken up by the dopamine transporter (DAT) and by the norepinephrine transporter (NET), and they may contribute to optimize serotonin homeostasis. Yoga and meditation practices have shown to increase the levels of dopamine and norepinephrine. [24, 70] Both DAT and NET may receive top-down and bottom-up regulatory feedback related to eight limbs of yoga. (3) Improving circadian rhythms to optimize serotonin biology and neuroplasticity. MDD patients receiving YBLI in our study showed significantly improved sleep and vegetative symptoms. Previous studies suggest that yoga can optimize melatonin (5-methoxy-N-acetyltryptamine) levels in the brain and improve sleep. [71] Animal studies have suggested that melatonin has serotonergic functions. [72] Regularization of melatonin and circadian rhythms may contribute to increased neuroplasticity. [73] (4) Increase in the expression and efficiency of serotonin transporters. A recent study suggests that the significance of risk polymorphisms for depression, including SLC6A4, depends on stress exposure, and SERT expression and function in S allele is decreased only in the event of moderate-to-severe adversity. [74] The activities related to YBLI that cause moderate-to-severe physiological stress, may correct epigenetic modifications in SLC6A4 by different cellular mechanisms and pathways, and normalize SERT expressions even in the sensitive S allele. Therefore, top-down and bottom-up regulation of mood and cognition by yoga and meditation may benefit MDD remission irrespective of 5-HTTLPR genotype. 5-HTTLPR polymorphism is shown to be a therapy response biomarker for SSRI drug therapy in MDD. [35, 75] Several studies have reported poor response with SS/SL genotype. [35] [36] [37] [38] 76, 77] A meta-analysis by Porcelli et al. [37] show that L allele/LL genotype of 5-HTTLPR may be a predictor of better antidepressant response (odds ratio [OR] = 1.58) and remission (OR = 1.53) in the SSRI group. Findings in the DRUG group of our study treated with SSRIs (escitalopram, fluoxetine, and paroxetine) complement these findings. The plausible mechanisms for decreased efficacy in the DRUG group treated with SSRIs, particularly in those who have susceptible 5-HTTLPR polymorphism and are resistant to treatment with SSSRIs include (1) Selective action on neurotransmitter transporters and receptors. SSRIs are preferred to non-SSRI drugs because of the presumed Escitalopram is shown to increase its efficacy by decreasing its own dissociation rate from the orthosteric site on the SERT through allosteric binding. [78] The evidence is limited for allosteric binding of paroxetine and fluoxetine. It is unknown if 5-HTTLPR polymorphism affect the drug action at allosteric sites. YBLI is shown to optimize several mediators of cellular aging and neuroplasticity [16] that may interact with 5-HTTLPR genotype. It is not known if their actions involve binding to different allosteric sites of SERT. (2) Impact of pharmacogenetics on drug metabolism. Recently, in a comprehensive systematic review and network meta-analysis, Cipriani et al. have reported comparative efficacy and acceptability of 21 antidepressant drugs for the acute treatment of adults with MDD. [79] Contrary to the findings in the review, paroxetine was more efficacious than escitalopram in the DRUG group of our study. A recent study with Asian population has also reported superior efficacy of paroxetine over escitalopram. [80] This discrepancy could be attributed to inter-ethnic differences in pharmacogenetics. Cytochrome P450 (CYP) enzymes account for over 90% of all drug metabolism. CYP2D6 and CYP2C19 that metabolize paroxetine and escitalopram respectively would require at least a doubling of the dose of extensive metabolizers (EMs) in comparison to poor metabolizers (PMs). While treatment with YBLI is not affected by these dose-related issues, the details of duration and frequency of yoga and meditation practice have not yet been standardized. However, more regular and 5 times a week practice for 1-2 h daily provide optimum benefits in MDD. (3) Decreased tolerability due to adverse events of treatment. No major adverse events were reported with YBLI in YOGA group. While no serious adverse events were reported, mild complications were noted in the drug group. Most common complications seen with MDD patients in the DRUG group of our study included dizziness, mild gastrointestinal disturbances, and insomnia. Similar to the review by Cipriani et al., [79] fluoxetine was more acceptable in our study compared to escitalopram and paroxetine. A recent study suggested an association between fluoxetine response and SLC6A4 genotype and identified S allele carriers as being at risk for developing insomnia and agitation with treatment. [81] The same dose of SSRI may inhibit a higher proportion of SERT in individuals carrying the S allele, causing a rapid accumulation of synaptic serotonin and increasing the risk of adverse effects. [82] Higher acceptability of YBLI may be related to the absence of complications. While, SSRIs efficacy and tolerability is related to their action specifically at SERT, and at related receptors and transporters, benefits of YBLI are because of multi-way communications between humoral and neural regulatory systems and optimizing the crosstalk and biology of these regulatory mediators maintaining them within the homeostatic physiological range. [16, 20] In fact, YBLI may improve homeostatic reserves of the organ systems and decrease allostatic load. Complications due to exaggerated increase or decrease of regulatory molecules are not observed.
Although numerous studies have identified a modest association with depression symptomology and disease, data linking polymorphisms in the MTHFR with depression have been inconclusive. [26, 83] The MTHFR gene has not been directly linked to antidepressant response. [84] [85] [86] [87] [88] Our study supports these findings in MDD with MTHFR 677C>T polymorphism in both YOGA and DRUG groups. Considering that both DRUG and YOGA groups have effect on MTHFR function, possibility that the observed treatment effects are due to downstream effects cannot be ruled out. Modification of MTHFR function may, therefore, be possible in both DRUG and YOGA groups. Our findings must be interpreted cautiously by considering the impact of following contexts of MTHFR function in both YOGA and DRUG group, particularly in those who have susceptible gene polymorphisms and are resistant to SSRIs treatment: (1) Low activity MTHFR 677T allele, especially in homozygous state, is associated with a significant decrease in enzyme activity, leading to decrease in serotonin levels and DNA methylation capacity, [89] and it could deplete the levels of serotonin in the brain. [90] However, the presence of other polymorphisms that affect MTHFR function, including MTHFR 1298A>C, [91] also play an important role in this regard. For example, compound heterozygotes having one allele each of MTHFR 677C>T and MTHFR 1298A>C may also decrease MTHFR function. Therefore, information on other polymorphisms may be necessary for the precise interpretation of polymorphism effects. (2) In those who have these susceptible polymorphisms, when folic acid is given artificially as a one carbon source in the form of fortified diet or dietary supplements, MTHFR fails to provide methyl groups necessary for methylation reactions. Healthy diet comprised green leafy vegetables, legumes, and other natural food items, provide abundant 5-MTHF (also called L-methylfolate) that can provide methyl groups even in those who have MTHFR 677C>T MTHFR 1298A>C polymorphisms. 5-MTHF is active, circulating form of folate and the predominant form found naturally in food. Healthy diet by Indians, including those who regularly practice yoga, is rich in these natural food ingredients. The previous studies have reported improved nutritional behavior by yoga. [92] Therefore, YBLI may enable compensation of the deficient MTHFR function even in those who have susceptible MTHFR polymorphisms. (3) A recent study [93] suggests that exercise has beneficial impact on gut microbiota diversity, and optimized microbial diversity may contribute to improved MTHFR function. YBLI has physical exercise components such as Āsana and Prāṇāyāma, and therefore, optimized gut microbiota diversity in YOGA group may contribute to improved MTHFR function. Optimized vagus nerve function contributes to improve microbiota-gut-brain axis, [94] and there is significant evidence that yoga can optimize vagus nerve and gut functions. (4) A recent study [95] reports that the interaction between Helicobacter pylori seropositivity and reduced folate-cycle factor 5-MTHF might impair aspects of cognitive function. Previous research provides evidence for improved gut function by yoga and is mediated both by improved autonomic functions and anti-inflammatory effects. [96] [97] [98] YBLI mediated improvement in gut function may decrease H. pylori seropositivity. This can lead to improved gut function and nutrition behavior, and thereby increase 5-MTHF levels and methylation reactions related to gene function and neurotransmitter biology.(5) Previously, a research by Terruzzi et al. [99] studied genetic polymorphisms of the enzymes involved in DNA methylation and synthesis using elite athletes and in vitro C2C12 myoblasts cell-line model of DNA hypomethylation. Their findings suggest that the presence of DNA polymorphisms of MTHFR and other enzymes that cause reduced DNA methylation may provide an advantage to populations since their presence is significantly more common in elite athletes than control general population. DNA synthesis is significantly increased in the presence of these polymorphisms. In vitro findings in their study suggest that DNA hypomethylation due to lesser efficiency of polymorphic MTHFR and other related enzymes induces the activation of factors determining proliferation and differentiation of myoblasts promoting muscle growth and increase of muscle mass in athletes. In relation to YBLI treatment of MDD patients, particularly in those who have susceptible polymorphisms and are resistant to SSRIs treatment, these findings can be extrapolated in two ways. First, that exercise provided by yoga may induce the activation of factors from muscle cells that improve function of not only muscles but also cells of other organ systems including brain due to an optimized muscle cell secretory phenotype. Second, similar to muscle cells, other cells may also secrete activation factors during treatment with YBLI since it is comprised of diverse and active engagement of cells in the body through practice of the various limbs of yoga. Further research is warranted in this regard. Given the contexts mentioned above, any increase in MTHFR function or its compensation may be beneficial in depression, particularly in those who receive YBLI and have susceptible gene polymorphisms and resistance to SSRI treatment. Thus, these mechanisms may also contribute to clinical benefits of YBLI in moderate to severe MDD, who are more likely to have susceptible gene polymorphisms and are resistant to SSRI treatment. Increased MTHFR function may contribute to neurotransmitter homeostasis, maintaining serotonin, and melatonin levels in the central nervous system [100] and optimized neuroplasticity. To the best of our knowledge, there is no evidence to suggest SSRI antidepressants improve nutrition behavior, gut function, and gut microbiota diversity. Therefore, unlike yoga therapy, MDD treatment with SSRIs may not contribute to increase MTHFR function. This has particular relevance to decreased remission with drug therapy in those who have susceptible gene polymorphisms and are resistance to SSRI treatment.
5-HTTLPR S allele is associated with an increased risk for suicidal ideations. [101, 102] Studies are limited for the association of MTHFR 677C>T with suicidal ideation. Due to a small sample size of patients with a history of suicidal ideation, the association of these therapygenetic markers with suicidal ideation was inconclusive in our study. Previous studies on childhood adversity associated with depression have reported lower antidepressant efficacy in SS genotype of the 5-HTTLPR with both SSRI and non-SSRI drugs. [103] Studies are limited for the association of MTHFR genetic variants with childhood adversity. In our current study, we found that 5-HTTLPR and MTHFR 677C>T polymorphisms were not associated with childhood adversity in yoga arm. However, childhood adversity significantly affected treatment response in 5-HTTLPR and MTHFR 677C>T variants in the drug arm. Since studies on the impact of the interactions of clinical variables and polymorphisms on therapy MDD remission have suggested a wide variation, [104, 105] further research with larger samples is warranted.
Moreover, the multivariate logistic regression model in our study also did not show any significant association of 5-HTTLPR and MTHFR 677C>T genotypes with YBLI therapy response, while controlling for other factors. Our study did not show any significant gender differences to both YBLI and drug therapy. In our study, the S and T alleles were more common compared to the western population. This may be due to, increased prevalence of these genotypes in the Asian population, presumably a chance association during subject selection, or increased susceptibility of these alleles to MDD. These differences must be taken into consideration while findings from our analyses are interpreted. Although we have not assessed the attitudes and beliefs of study participants on yoga and drug therapy, the impact of polymorphisms in our study on altered remission based on the belief that a particular therapy will benefit cannot be ruled out.
Yoga, as practiced in YBLI, is based on the yoga sutras (principles) of Patanjali having eight limbs (Yama, Niyama, Āsana, Prāṇāyāma, Pratyāhāra, Dhāraṇā, Dhyāna, and Samādhi). The bottom-up and top-down regulation of brain and body [106] by YBLI, mediated by normative feedback loops, [107] [108] [109] [110] may contribute to benefits of yoga in MDD patients who have susceptible gene polymorphisms and are resistant to treatment by SSRIs. Top-down mechanisms can inhibit the depression eliciting loops in the limbic system [111] by direct effects of meditation that are processed in the higher functional neural networks. Bottom-up regulation involving neurotransmitters include feedback, through sensory nerves, spinal cord, and brainstem, of neural activation by postures of asanas and breathing patterns of pranayama. [112] Several studies highlight the connections between the brain and periphery in promoting neurotransmitter biology and neuroplasticity by physical exercise and rhythmic breathing, [113] [114] [115] [116] [117] [118] that are provided by yoga limbs such as Āsana and Prāṇāyāma. YBLI may lead to decrease in the stress-and inflammation-mediated [16] production of indoleamine 2,3-dioxygenase in microglia, and thereby shunting tryptophan from the production of a disruptive excitatory mediator quinolinic acid to the production of serotonin, melatonin, and a regulatory molecule kynurenic acid. [119] A recent study using a mouse model [120, 121] has reported that physical exercise training-induced PGC-1α1 by skeletal muscle can modulate kynurenine metabolism and mediate resilience to stress-induced depression. Their findings suggest that activation of the PGC-1α1-PPARα/δ pathway increases skeletal muscle expression of kynurenine aminotransferases, thus enhancing the conversion of kynurenine into kynurenic acid, a metabolite unable to cross the blood-brain barrier. Reducing plasma kynurenine protects the brain from stress-induced changes associated with depression. Since Āsana and Prāṇāyāma provide good physical exercise to the body, yoga may be therapeutic in depression by targeting the PGC-1α1-PPAR axis in skeletal muscle, both by decreasing the adverse effects of kynurenine and by diverting tryptophan metabolism to increase the formation of serotonin and melatonin in the brain. In YBLI, there are repeating cycles of a metabolic challenge that induces ketosis. Intermittent metabolic switching (IMS) to ketosis is accompanied by cellular and molecular adaptations of neural networks in the brain that enhance their functionality and bolster resistance to stress, injury, and disease [122] by optimizing cellular health and neuroplasticity. The monoamine neurotransmitters serotonin, noradrenaline, and dopamine, also play important role in the effects of IMS on neuronal network activity. [123, 124] Optimized neural and humoral regulatory feedback loops may also contribute to improved functions of organ systems.
Study is limited by not having an active control group for yoga. Active controls receiving treatments such as routine physical exercise, accupuncture, and taekwondo may provide more insight into the impact of yoga in depression. Use of BDI-II, a self-rated instrument, to assess the severity of depression is another limitation in the study. While, using BDI-II has several benefits, including physician-rated instruments, either alone or incombination with self-rated instruments, may be included in future studies for getting a different perspective. While measurement of adherence to treatments was performed using patient logs and diaries, more precise methods may need to be adopted in future studies. Our study is also limited by the exclusion of patients with very severe depression. Currently, neurological interventions such as rTMS and DBS are preferred for very severe depression. Future research is needed for exploring YBLI in these patients. Although MINI 7.0 was used to assess comorbid psychiatric conditions, it has limitations in translation research since it is based on DSM-5, which is in essence purely descriptive and emphasizes clinical pragmatism. Structured instruments based on the Research Domain Criteria proposed by National Institute of Mental Health or other criteria, which provide a causal framework for classification of behavioral disturbance may need to be developed and used for future research. The current study had several strengths that include precision in genotyping with study population in Hardy-Weinberg equilibrium. Findings from our study are very critical in highlighting the impact of YBLI in MDD independent of 5-HTTLPR and MTHFR 677C>T polymorphisms, and in identifying the clinical utility of yoga therapy in those who have susceptible gene polymorphisms and are resistant to drug therapy with SSRIs. There is a continuing need for searching other genes that may modulate treatment response to MDD, including in YBLI. A highly heterogeneous condition such as MDD is likely to yield the most optimal outcomes through personalized treatment approaches based on the genetic and environmental information specific to patients.
In conclusion, YBLI provides MDD remission irrespective of the presence of 5-HTTLPR and MTHFR 677C>T polymorphisms. YBLI provides MDD remission in those who have susceptible gene polymorphisms and are resistant to SSRIs treatment. The SS homozygous genotype of 5-HTTLPR and TT homozygous genotype of MTHFR 677C>T polymorphism have been widely studied as a risk allele for depression pathobiology and treatment. This study, however, presents the first evidence of the increased YBLI therapy MDD remission in these functional polymorphisms. As such, this research addresses MDD interventions that provide remissions independent of heterogeneity in pathogenesis that previous research has suggested to be of great importance. [125] High incidence of complications, poor prognosis, and poor QOL all may show significant improvement post-YBLI therapy in MDD and may also result in increased disease-free intervals and delayed or few relapses.
The previous research has documented several therapy response biomarkers for the treatment of MDD with different modalities including drug therapy, [126] psychotherapy, [127] and mindfulness-based cognitive behavioral therapy. [128] The markers vary between modalities, and the findings are contradictory within each modality. These studies highlight the absence of precise and uniform therapy genetic markers and suggest that the pathobiology of MDD involve complex gene x environmental interactions. Future work should also attempt to identify the impact of other genes and gene-environment interactions that may impact prognosis and management of MDD and its remission. Finding out genes that differ in modifying passive MDD treatments such as pharmacotherapy, ECT, and rTMS and active treatments such as yoga-based MBIs will not only improve our understanding of the biological processes that underlie MDD remission but may also shed light on their basic functions, with increased insight on molecular evolution of health and disease. [129] It must be noted that there is no single "remission gene," which can be targeted by a specific pharmacological or neurological intervention. Instead, MDD is a complex disorder and numerous genes, whose expression, in combination with environmental factors and epigenetic modifications, influence pathobiology, and treatment of MDD. Active interventions such as YBLI normalize the functions in MDD by dynamically influencing the molecular networks of the complex tissue environments of the human body and the brain.
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